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(54) System and method for generating high resolution models of a target object

(57) Embodiments of the systems and methods of this disclosure utilize different positions, or poses, of a target
object 104 to collect images 112 that can result in high-resolution volumetric models of the target object 104. In one
embodiment, the object poses define a lateral position and an axial position (also "angular orientation") of the target
object 104 relative to components of an imaging system 102, e.g., the source 106 of an x-ray beam. The imaging system
102 captures an image 112 of the target object 104 in the object poses. Further processing of the image data that relates
to the images 112 generates a volumetric model of the target object 104 at higher resolution, or with fewer artifacts, as
compared to similar volumetric models that arise from conventional scanning of these large parts.
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Description

[0001] The subject matter disclosed herein relates to
non-destructive testing and, in various embodiments, to
systems and methods to improve resolution of models
of large parts from images captured using computed-to-
mography (CT) scanners.
[0002] Non-destructive testing utilizes equipment to in-
spect the interior of a part-under-inspection ("part"). Ex-
amples of this equipment include computed-tomography
(CT) scanners, ultrasonic scanners, X-ray scanners, and
magnetic resonance inspection (MRI) scanners. Often
the scanners incorporate components that can change
the position of the part during a scan. This feature permits
the scanners to capture images of the part in different
orientations. When the scan is complete, further process-
ing of the images generates a computer model that per-
mits visual inspection of the part without the need to dis-
rupt the structural integrity of the part-under-inspection.
[0003] The resolution of the model relies on the quality
of the images, which in turn depends on the position of
the part in the scanners. For example, higher resolution
models will likely result from images of the part in close
proximity, e.g., to an x-ray source that generates an x-
ray beam (or, generally, a "beam"). Problems can arise,
however, when the part is large and, in particular, too
large to fit fully within the beam at the positions necessary
to achieve images for high-resolution models. Examples
of parts that are difficult to scan include electronic printed
circuit boards (PCB) as well as flat and welded sheets of
varying construction. These types of parts may extend
outside of the beam and, when in position close to the x-
ray source to obtain images, cannot rotate through the
necessary range (e.g., 360°) to capture sufficient data
and images for processing into the high resolution model.
[0004] Scan techniques to address these problems
can complete the scan but do not achieve the desired
resolution. One technique positions the part to ensure
that the part resides entirely in the beam and can also
rotate through 360°. However, although the position in
the beam avoids introducing artifacts into the images due
to incomplete data, the part is too far from the x-ray source
to achieve desired resolution of the model. An alternative
technique positions the part closer to the x-ray source.
This technique allows the part to rotate through 360° and
offers better resolution, but introduces artifacts into the
images because the peripheral edges of the part extend
outside of the beam during the scan. In still another tech-
nique, the part is in position close to the x-ray source to
achieve high resolution images. However, only a small
portion, or region of interest, of the part resides in the
beam. This technique also introduces artifacts because
the majority of the part is found outside of the beam and
because the part cannot rotate through 360°.
[0005] The discussion above is merely provided for
general background information and is not intended to
be used as an aid in determining the scope of the claimed
subject matter.

[0006] This disclosure describes improvements in non-
destructive testing of large parts to generate high reso-
lution models. These improvements utilize different po-
sitions, or pose, of the part relative to the imaging system
to collect images that will result in high-resolution volu-
metric models of target objects.
[0007] This disclosure describes, in one embodiment,
an inspection system for performing a scan of a target
object. The inspection system comprising a scan device
having a source component that generates a beam and
a detector component, spaced apart a distance from the
source component, that receives the beam. The inspec-
tion system also has a control device coupled with the
scan device, the control device comprising a processor,
a memory coupled to the processor, and one more exe-
cutable instructions stored in the memory and configured
to be executed by the processor. The one or more exe-
cutable instructions comprise instructions for acquiring a
first image of the target object at a first object pose that
defines a first lateral position and a first axial position of
the target object relative to the scan device. The instruc-
tions also comprise acquiring a second image of the tar-
get object at a second object pose that defines a second
lateral position and a second axial position of the target
object relative to the scan device. In one example, a ma-
jority of the target object fits within the beam in at least
one of the first object pose and the second object pose.
In one example, the beam has a beam width that is less
than the a dimension of the target object in the first lateral
position and the second lateral position.
[0008] This disclosure also describes, in one embodi-
ment, a method for generating a volumetric model of a
target object. The method includes steps for acquiring a
first image of the target object in a first object pose and
operating a manipulator to change the first object pose
to a second object pose that is different from the first
object pose. The method also includes steps for acquiring
a second image of the target in the second object pose,
reconstructing the volumetric model from the first image
and the second image, and generating an output com-
prising the volumetric model. In one example, a majority
of the target object fits within the beam in at least one of
the first object pose and the second object pose and the
beam has a beam width that is less than a dimension of
the target object in the first lateral position and the second
lateral position.
[0009] This disclosure further describes, in one em-
bodiment, a method for scanning a target object on a
scan device, the scan device comprising a source com-
ponent and a detector component. The method includes
steps for locating a target object according to a first set
of positioning parameters and capturing a first image at
the first set of positioning parameters. The method also
includes locating the target object according to a second
set of positioning parameters and capturing a second
image at the first set of positioning parameters. In one
example, a majority of the target object fits within the
beam in at least one of the first set of positioning param-
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eters and the second set of positioning parameters and
the beam has a beam width is less than a dimension of
the target object in the first lateral position and the second
lateral position.
[0010] This brief description of the invention is intended
only to provide a brief overview of subject matter dis-
closed herein according to one or more illustrative em-
bodiments, and does not serve as a guide to interpreting
the claims or to define or limit the scope of the invention,
which is defined only by the appended claims. This brief
description is provided to introduce an illustrative selec-
tion of concepts in a simplified form that are further de-
scribed below in the detailed description. This brief de-
scription is not intended to identify key features or essen-
tial features of the claimed subject matter, nor is it intend-
ed to be used as an aid in determining the scope of the
claimed subject matter. The claimed subject matter is not
limited to implementations that solve any or all disadvan-
tages noted in the background.
[0011] So that the manner in which the features of the
invention can be understood, a detailed description of
the invention may be had by reference to certain embod-
iments, some of which are illustrated in the accompany-
ing drawings. It is to be noted, however, that the drawings
illustrate only certain embodiments of this invention and
are therefore not to be considered limiting of its scope,
for the scope of the invention encompasses other equally
effective embodiments. The drawings are not necessarily
to scale, emphasis generally being placed upon illustrat-
ing the features of certain embodiments of the invention.
In the drawings, like numerals are used to indicate like
parts throughout the various views. Thus, for further un-
derstanding of the invention, reference can be made to
the following detailed description, read in connection with
the drawings in which:

FIG. 1 depicts a schematic diagram of a perspective
view of an exemplary embodiment of an inspection
system that can obtain high resolution images of
large parts;

FIG. 2 depicts a flow diagram of an exemplary meth-
od to generate a model of a target object;

FIG. 3 depicts a schematic diagram of a top view of
an exemplary embodiment of an inspection system
with a scan trajectory;

FIG. 4 depicts a flow diagram of an exemplary meth-
od to orient a target object to conform with one ex-
ample of a scan trajectory;

FIG. 5 depicts a schematic diagram of a top view of
an exemplary embodiment of an inspection system
with the target object in a first orientation;

FIG. 6 depicts a schematic diagram of a top view of
an exemplary embodiment of an inspection system

with the target object in a second orientation;

FIG. 7 depicts a schematic diagram of a top view of
an exemplary embodiment of an inspection system
with the target object in a third orientation;

FIG. 8 depicts a schematic diagram of a top view of
an exemplary embodiment of an inspection system
with the target object in a fourth orientation; and

FIG. 9 depicts a schematic diagram of a top view of
an exemplary embodiment of an inspection system
with the target object in a fifth orientation.

[0012] The present disclosure discusses scan tech-
niques for use with inspection and imaging systems, e.g.,
computed-tomography (CT) systems that use x-ray
beams to capture images of target objects. As discussed
more below, these techniques have particular use with
target objects that have features that extend outside of
the x-ray beam. These features can prevent comprehen-
sive imaging of the target object, thus reducing the res-
olution of volumetric models that result from processing
of images from a scan of the target object. Embodiments
of the systems and methods of this disclosure, on the
other hand, manipulate the target object to position, or
pose, the target object to collect images that can result
in high-resolution volumetric models of target objects.
These object poses define a lateral position and an axial
position (also "angular orientation") of the target object
relative to the source of the x-ray beam. Movement of
the target object to the different lateral and axial positions
form a scan trajectory, which defines the relative move-
ment of the beam source from the point-of-view of the
target object. This scan trajectory ensures that most, if
not all, of the target object fits within the x-ray beam to
achieve the most advantageous imaging. To this end, in
one implementation, the system can capture an image
of the target object at each of the object poses that form
the scan trajectory. Further processing of the image data
that relates to the images generates a volumetric model
of the target object at higher resolution, or with fewer
artifacts, as compared to similar volumetric models that
arise from conventional scanning of these large parts.
[0013] FIG. 1 illustrates an example of an inspection
system 100 that can improve resolution of images of ob-
jects that require multiple poses to obtain a complete
scan. The inspection system 100 includes a scan device
102 to acquire images of a target object 104 (e.g., printed
circuit boards, flat and/or thin composite materials, weld-
ed metal sheets, etc.), which can have one or more di-
mensions (e.g., length, width, thickness, etc.). The scan
device 102 includes a source component 106 (e.g., an
x-ray tube) that generates a beam 108 onto a detector
component 110 (e.g., an x-ray detector), which is spaced
apart a distance from the source component 106. The
beam 108 can have a width that changes between the
source component 106 and the detector component 110.
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The detector component 110 forms an image 112 that
corresponds to the object pose of the target object 104
in the beam 108. As shown in FIG. 1, the scan device
102 also includes a manipulator 114 that can change the
position of the target object 104, e.g., relative to the
source component 106. The manipulator 114 includes a
translating component and a rotation component, which
are generally identified with arrows and enumerated, re-
spectively, with the numeral 116 and the numeral 118.
[0014] The inspection system 100 can couple with a
control device 120. Examples of the control device 120
can interface with the scan device 102 to gather image
data that relates to the image 112 and to instruct opera-
tion of the manipulator 114 to change the orientation of
the target object 104. In one example, the control device
120 includes a processor 122 and memory 124, which
can store executable instruction, e.g., in the form of soft-
ware and firmware (collectively, "programs"). The control
device 120 can communicate with a network system 126
with one or more external servers (e.g., external server
128) and a network 130 that connects the control device
120 to the external server 128. This disclosure also con-
templates configurations in which one or more programs
and/or executable instructions are found on the external
server 128. The control device 120 can access these
remotely stored items to perform one or more functions
disclosed herein. In one embodiment, a computing de-
vice 132 may communicate with one or more of the con-
trol device 120 and the network 130, e.g., to view the
image 112 as well as to interface with the inspection sys-
tem 100, as desired.
[0015] As set forth more below, actuation of the trans-
lating component 116 and the rotating component 118
can define a plurality of object poses for the target object
104. These object poses define a lateral position and an
axial position for the target object 104 relative to the
source component 106. The control device 120 captures
image data at one or more of these object poses. The
control device 120 processes the image data to generate
a volumetric model, e.g., a three-dimensional volumetric
model that displays on the computing device 132.
[0016] In one embodiment, the beam width is less than
at least one of the dimensions of the target object in the
object poses. In FIG. 1, for example, the beam width is
less than the largest dimension (e.g., the width) of the
target object 104. Implementing the steps of the methods
disclosed herein can position the target object so that a
majority of the target object fits within the beam in at least
one of the object poses. In one example, the majority of
the target object fits within the beam in most, if not all, of
the object poses. This feature positions the target object
104 to allow for capture of images that are suited to create
high-resolution volumetric models. Moreover, by utilizing
one or more different object poses, the imaging system
100 can capture images of all parts of the target object
104. These images provide a complete set of data to
define the target object 104, thus reducing the likelihood
of anomalies and artifacts being present in the resulting

volumetric model.
[0017] FIG. 2 depicts a flow diagram of an exemplary
method 200 to generate a volumetric model of target ob-
jects (e.g., target object 104 of FIG. 1). The method 200
includes one or more steps that can be embodied in pro-
grams (e.g., software, firmware, etc.) with one or more
executable instructions. These programs can be imple-
mented, e.g., on the control device 120 of FIG. 1, to
render the volumetric model automatically and/or with
limited interaction from an end user.
[0018] As shown in FIG. 2, the method 200 includes,
at step 202, positioning a target object in an object pose.
The method 200 also includes, at step 204, acquiring
image data of the target object and, at step 206, deter-
mining whether additional object poses are required. If
additional poses are necessary, the method 200 in-
cludes, at step 208, selecting the next object pose and
returns to step 202 to move the target object as required.
When all of the poses have been satisfied, on the other
hand, the method 200 continues, at step 210, recon-
structing a volume from the image data. The method 200
can also include, at step 212, generating an output, which
can comprise a model of the target object, and/or a por-
tion thereof, that corresponds to the volume.
[0019] Positioning the target object in the object
pose(s) (e.g., at step 202) locates a majority and/or all
and/or most of the target object within the beam (e.g.,
beam 108 of FIG. 1). The object poses can comprise a
set of positioning parameters (e.g., a lateral position and
an axial position), which define the position, orientation,
and/or relationship of the target object with the imaging
system, e.g., with the source of the beam. In one exam-
ple, a complete scan of the target object will utilize a
plurality of object poses (e.g., a first object pose and a
second object pose), wherein a majority of the target ob-
ject fits within the beam in at least one of the first object
pose and the second object pose. The first object pose
may have a first set of positioning parameters and the
second object pose may have a second set of positioning
parameters. Values for the positioning parameters of the
second set may be different from the first set. Use of
different values and/or sets of positioning parameters
changes the orientation and/or the position of the target
object, e.g., relative to the beam source. This feature
allows the imaging system to capture different images
(e.g., a first image and a second image) that correspond
the first object pose and the second object pose.
[0020] Selection and/or assignment of the object pos-
es prevents contact between the target object 304 and
the components (e.g., the source component 306) of the
imaging system 300. In one example, an end user can
interface with the imaging system 300 to move the target
object 304 to each of the object poses. The end user may
operate the translation component 316 and the rotation
component 318 to locate the target object 304 at one or
more values for the positioning parameters. The imaging
system 300 can associate, and/or assign, these values
with individual object poses. In one implementation, sav-
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ing and/or storing in memory (e.g., memory 124 of FIG.
1) these different sets of positioning parameters results
in a scan trajectory for the object 304.
[0021] Collectively, the plurality of object poses define
a scan trajectory. FIG. 3 illustrates a top, detailed view
of an inspection system 300 to illustrate use of the scan
trajectory. In FIG. 3, the source component 306 includes
a source point 334, which is recognized as the origin of
the beam 308 from the source component 306. The
source point 334 resides on a scan trajectory 336. Ex-
amples of the scan trajectory 336 define the hypothetical
path that the source point 334 has from the point-of-view
of the target object 304 as the target object 304 moves
through the various object poses. Design constraints of
the inspection system 300, however, often render the
source component 306 stationary, i.e., the source com-
ponent 306 does not move relative to the target object
304. Thus, to implement the scan trajectory 336, embod-
iments of the inspection system 300 actuate the transla-
tion component 316 and/or the rotation component 318
of the manipulator 314 to move the target object 304 to
the object poses relative to the source component 306.
This actuation can occur simultaneously and/or individ-
ually, as desired. Moreover, this disclosure also contem-
plates configurations of the imaging system 300 in which
the source component (e.g., source component 316)
and/or the detector component (e.g., detector compo-
nent 218) move relative to the object. This type of system
may mount the source and detector on robots and/or ro-
botic devices. In one example, the object poses would,
in effect, be defined by the relative position of the robot
devices in relation to the stationary part. This type of sys-
tem would find particular use with large parts, e.g., aircraft
wings.
[0022] The object poses can dictate the shape of the
scan trajectory. Examples of the shape include elliptical,
oval, and circular, although any shape can apply. In one
example, the scan trajectory 336 has an elliptical shape
that reflects a plurality of the object poses discussed
herein. Processing of images captured along this ellipti-
cal shape can result in a volumetric model with improved
resolution. When implemented in a manufacturing envi-
ronment, the imaging system 300 may utilize different
scan trajectories that correspond to parts with different
characteristics (e.g., dimensions, shapes, etc).
[0023] Reconstructing of the volume (e.g., at step 210)
generates a volume representing the target object from
the image data, or the plurality of images, the inspection
system acquires during the scan. In one embodiment,
the method 200 can include steps for associating the
orientation of the target object with the image data. This
feature may include one or more steps for recording the
position of the manipulator, e.g., the distance from the
source component and/or the angle of rotation of the tar-
get object. This information may find use in the algorithms
for reconstruction of the volume from the images. Such
algorithms are generally known in the art. Some exam-
ples of mathematical methods and algorithms include

Feldkamp or helical reconstruction, iterative methods like
algebraic methods (e.g., ART, SART, etc.), or statistical
methods (e.g., maximum likelihood methods).
[0024] The inspection system can generate the output
(e.g., at step 212) to provide the volumetric module as a
visual representation of the target object. This visual rep-
resentation can be displayed on a screen. The output is
compatible with a variety of devices (e.g., computing de-
vice 132 (FIG. 1) to allow the end user to view and/or
manipulate the model, as desired.
[0025] FIG. 4 illustrates a flow diagram of a method
400 to scan a target object by implementing object poses
to form one example of a scan trajectory. The method
400 includes, at step 402, locating a target object accord-
ing to a first set of positioning parameters and, at step
404, capturing a first image at the first set of positioning
parameters. The method 400 also includes, at step 406,
translating/rotating the target object to locate the target
object according to a second set of positioning parame-
ters and, at step 408, capturing a second image at the
second set. The method 400 further includes, at step
410, determining whether additional positioning param-
eters are required to complete the scan trajectory. If other
positioning parameters are required, then the method
400 includes, at step 412, assigning different values to
the second set of positioning parameters. The method
400 can then continue, at step 406, to translate/rotate
the target object to locate the second set of positioning
parameters. If no addition position parameters are re-
quired, then in one embodiment the method 400 contin-
ues, at step 414, translating/rotating the target object to
locate the target object at the first set of positioning pa-
rameters.
[0026] FIGS. 5, 6, 7, 8, and 9 depict a top view of an
exemplary inspection system 500 to illustrate one set of
orientations that result from execution of the method 400.
Translating the target object (e.g., at step 402) changes
the position of the target object relative to the source. As
shown in FIG. 5, the target object 504 starts in a first
lateral position that, in one example, is proximate to the
source 506. The target object 504 assumes a first axial
position, which is defined by a first lateral position 538
and a first angle 540 from a longitudinal axis 542 that
extends through the source point 534. In FIG. 6, the target
object 504 is in a second lateral position that is spaced
apart a lateral distance from the source 506 by a lateral
dimension 546. In one example, the lateral distance is
less than half the distance from the source component
506 to the detector component (e.g., detector component
110 FIG. 1). Rotating the target object (e.g., at step 402)
can change the axial position of the target object, e.g.,
relative to the longitudinal axis 542. As shown in FIG. 6,
the target object 504 assumes a second axial position
defined by a second angle 548. FIGS. 7 and 8 illustrate
the target object 504 in, respectively, a third axial position
defined by a third angle 550 and a fourth axial position
having a fourth angle 552. Translating the target object
(e.g., at step 410) can change the position of the target

7 8 



EP 2 779 097 A1

7

5

10

15

20

25

30

35

40

45

50

55

object relative to the source 506. As shown in FIG. 9, the
target object 504 can return to the first lateral position
538. Rotating the target object (e.g., at step 412) can
cause the target object to assume a fifth axial position
having a fifth angle 554.
[0027] In light of the foregoing discussion, embodi-
ments of these systems and methods generate a model
using one or more images of a target object in different
orientations. A technical effect is to improve the resolu-
tion of the images, and the resulting model, as well as to
eliminate artifacts that can occur when the target object
that is larger than the beam generated by the beam
source. In one embodiment, the systems and methods
implement a scan trajectory, which defines the orienta-
tions of the target object and the corresponding images
captured thereof. Using these images, the systems and
method can implement reconstruction algorithms to
render a model that depicts the interior of the part in high
resolution.
[0028] Collectively, components of the inspection sys-
tems described herein can execute high-level logic func-
tions, algorithms, as well as firmware and software in-
structions. In one example, processor can include a cen-
tral processing unit (CPU), e.g., an ASIC and/or an FP-
GA. These processors can also include state machine
circuitry or other suitable components capable of receiv-
ing inputs. Memory can comprise volatile and non-volatile
memory and can be used for storage of software (or
firmware) instructions and configuration settings. In
some embodiments, the processor and the memory can
be contained in a single integrated circuit (IC) or other
component. As another example, the processor can in-
clude internal program memory such as RAM and/or
ROM. Similarly, any one or more of functions of these
components can be distributed across additional com-
ponents (e.g., multiple processors or other components).
[0029] As will be appreciated by one skilled in the art,
aspects of the present invention may be embodied as a
system, method, or computer program product. Accord-
ingly, aspects of the present invention may take the form
of an entirely hardware embodiment, an entirely software
embodiment (including firmware, resident software, mi-
cro-code, etc.), or an embodiment combining software
and hardware aspects that may all generally be referred
to herein as a "service," "circuit," "circuitry," "module,"
and/or "system." Furthermore, aspects of the present in-
vention may take the form of a computer program product
embodied in one or more computer readable medium(s)
having computer readable program code embodied ther-
eon.
[0030] Any combination of one or more computer read-
able medium(s) may be utilized. The computer readable
medium may be, for example, but not limited to, an elec-
tronic, magnetic, optical, electromagnetic, infrared, or
semiconductor system, apparatus, or device, or any suit-
able combination of the foregoing. More specific exam-
ples of the computer readable storage medium would
include the following: an electrical connection having one

or more wires, a portable computer diskette, a hard disk,
a random access memory (RAM), a read-only memory
(ROM), an erasable programmable read-only memory
(EPROM or Flash memory), an optical fiber, a portable
compact disc read-only memory (CD-ROM), an optical
storage device, a magnetic storage device, or any suit-
able combination of the foregoing. In the context of this
document, a computer readable storage medium may be
any tangible medium that can contain, or store a program
for use by or in connection with an instruction execution
system, apparatus, or device.
[0031] Program code embodied on a computer read-
able medium may be transmitted using any appropriate
medium, including but not limited to wireless, wireline,
optical fiber cable, RF, etc., or any suitable combination
of the foregoing.
[0032] Computer program code for carrying out oper-
ations for aspects of the present invention may be written
in any combination of one or more programming languag-
es, including an object oriented programming language
such as Java, Smalltalk, C++ or the like and conventional
procedural programming languages, such as the "C" pro-
gramming language or similar programming languages.
The program code may execute entirely on the user’s
computer (device), partly on the user’s computer, as a
stand-alone software package, partly on the user’s com-
puter and partly on a remote computer or entirely on the
remote computer or server. In the latter scenario, the
remote computer may be connected to the user’s com-
puter through any type of network, including a local area
network (LAN) or a wide area network (WAN), or the con-
nection may be made to an external computer (for ex-
ample, through the Internet using an Internet Service Pro-
vider).
[0033] Aspects of the present invention are described
herein with reference to flowchart illustrations and/or
block diagrams of methods, apparatus (systems) and
computer program products according to embodiments
of the invention. It will be understood that each block of
the flowchart illustrations and/or block diagrams, and
combinations of blocks in the flowchart illustrations
and/or block diagrams, can be implemented by computer
program instructions. These computer program instruc-
tions may be provided to a processor of a general pur-
pose computer, special purpose computer, or other pro-
grammable data processing apparatus to produce a ma-
chine, such that the instructions, which execute via the
processor of the computer or other programmable data
processing apparatus, create means for implementing
the functions/acts specified in the flowchart and/or block
diagram block or blocks.
[0034] These computer program instructions may also
be stored in a computer readable medium that can direct
a computer, other programmable data processing appa-
ratus, or other devices to function in a particular manner,
such that the instructions stored in the computer readable
medium produce an article of manufacture including in-
structions which implement the function/act specified in
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the flowchart and/or block diagram block or blocks.
[0035] The computer program instructions may also
be loaded onto a computer, other programmable data
processing apparatus, or other devices to cause a series
of operational steps to be performed on the computer,
other programmable apparatus or other devices to pro-
duce a computer implemented process such that the in-
structions which execute on the computer or other pro-
grammable apparatus provide processes for implement-
ing the functions/acts specified in the flowchart and/or
block diagram block or blocks.
[0036] As used herein, an element or function recited
in the singular and proceeded with the word "a" or "an"
should be understood as not excluding plural said ele-
ments or functions, unless such exclusion is explicitly
recited. Furthermore, references to "one embodiment" of
the claimed invention should not be interpreted as ex-
cluding the existence of additional embodiments that also
incorporate the recited features.
[0037] This written description uses examples to dis-
close the invention, including the best mode, and also to
enable any person skilled in the art to practice the inven-
tion, including making and using any devices or systems
and performing any incorporated methods. The patent-
able scope of the invention is defined by the claims, and
may include other examples that occur to those skilled
in the art. Such other examples are intended to be within
the scope of the claims if they have structural elements
that do not differ from the literal language of the claims,
or if they include equivalent structural elements with in-
substantial differences from the literal language of the
claims.
[0038] Various aspects and embodiments of the
present invention are defined by the following numbered
clauses:

1. An inspection system for performing a scan of a
target object, said inspection system comprising:

a scan device having a source component that
generates a beam and a detector component,
spaced apart a distance from the source com-
ponent, that receives the beam; and

a control device coupled with the scan device,
the control device comprising a processor, a
memory coupled to the processor, and one more
executable instructions stored in the memory
and configured to be executed by the processor,
the one or more executable instructions com-
prising instructions for:

acquiring a first image of the target object
at a first object pose that defines a first lat-
eral position and a first axial position of the
target object relative to the scan device; and

acquiring a second image of the target ob-

ject at a second object pose that defines a
second lateral position and a second axial
position of the target object relative to the
scan device,

wherein a majority of the target object fits
within the beam in at least one of the first
object pose and the second object pose,
and

wherein the beam has a beam width that is
less than a dimension of the target object in
the first lateral position and the second lat-
eral position.

2. The inspection system of clause 1, wherein the
majority of the target object fits within the beam in
both the first object pose and the second object pose.

3. The inspection system of any preceding clause,
wherein the first object pose and the second object
pose comprise part of a plurality of object poses that
define a scan trajectory, and wherein the scan tra-
jectory describes a path of the source component
from a point-of-view of the target object.

4. The inspection system of any preceding clause,
wherein the path has an elliptical shape.

5. The inspection system of any preceding clause,
further comprising a manipulator for moving the tar-
get object relative to the source component, wherein
the executable instruction include instructions for op-
erating the manipulator to position the target object
in the first object pose and the second object pose.

6. The inspection system of any preceding clause,
wherein the executable instructions comprise in-
structions for reconstructing a volumetric model from
the first image and the second image.

7. The inspection system of any preceding clause,
wherein the executable instructions comprise in-
structions for implementing a Feldkamp reconstruc-
tion algorithm that uses the first image and the sec-
ond image for reconstructing the volumetric model.

8. The inspection system of any preceding clause,
wherein the executable instructions comprise in-
structions for generating an output comprising the
volumetric model representing the target object.

9. The inspection system of any preceding clause,
wherein the first lateral position and the second lat-
eral position define a lateral distance measured from
the source component, and wherein the lateral dis-
tance of the first lateral position is different from the
lateral distance of the second lateral position.
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10. The inspection system of any preceding clause,
wherein the lateral distance in the second lateral po-
sition permits the target object to rotate in front of
the source component.

11. A method for generating a volumetric model of
a target object with an imaging system having a
source component that generates a beam and a de-
tector component that is spaced apart a distance
from the source component, said method comprising
steps for:

acquiring a first image of the target object in a
first object pose;

operating a manipulator to change the first ob-
ject pose to a second object pose that is different
from the first object pose;

acquiring a second image of the target in the
second object pose;

reconstructing the volumetric model from the
first image and the second image; and

generating an output comprising the volumetric
model,

wherein a majority of the target object fits within
the beam in at least one of the first object pose
and the second object pose, and

wherein the beam has a beam width that is less
than a dimension of the target object in the first
object pose and the second object pose.

12. The method of any preceding clause, wherein
the first object pose and the second object pose in-
clude a lateral distance measured from the source
component and an axial position that defines an an-
gle relative to a longitudinal axis that extends through
a source point at the source component, and wherein
lateral distance and the angle in the first object pose
is different from the lateral distance and the angle in
the second object pose.

13. The method of any preceding clause, further
comprising assigning values for the lateral distance
and the angle for the first object pose and the second
object pose to form a scan trajectory with an elliptical
shape.

14. The method of any preceding clause, wherein
the target object is stationary.

15. The method of any preceding clause, further
comprising implementing a Feldkamp reconstruc-
tion algorithm that uses the first image and the sec-

ond image for reconstructing the volumetric model.

16. A method for scanning a target object on a scan
device, the scan device comprising a source com-
ponent that generates a beam and a detector com-
ponent that is spaced apart a distance from the
source component, said method comprising:

locating a target object according to a first set
of positioning parameters;

capturing a first image at the first set of position-
ing parameters;

locating the target object according to a second
set of positioning parameters;

capturing a second image at the first set of po-
sitioning parameters,

wherein a majority of the target object fits within
the beam in at least one of the first set of posi-
tioning parameters and the second set of posi-
tioning parameters, and

wherein the beam has a beam width that is less
than a dimension of the target object in the first
set of positioning parameters and the second
set of positioning parameters.

17. The method of any preceding clause, further
comprising returning the target object to the first set
of positioning parameters.

18. The method of any preceding clause, further
comprising translating the target object to the second
set of positioning parameters.

19. The method of any preceding clause, further
comprising rotating the target object to the second
set of positioning parameters.

20. The method of any preceding clause, wherein
the target object translates and rotates simultane-
ously.

Claims

1. An inspection system (100) for performing a scan of
a target object (104), said inspection system com-
prising:

a scan device (102) having a source component
(106) that generates a beam (108) and a detec-
tor component (110), spaced apart a distance
from the source component (106), that receives
the beam (108); and
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a control device (120) coupled with the scan de-
vice (102), the control device comprising a proc-
essor (122), a memory (124) coupled to the
processor (122), and one more executable in-
structions stored in the memory (124) and con-
figured to be executed by the processor (122),
the one or more executable instructions com-
prising instructions for:

acquiring a first image of the target object
(104) at a first object pose that defines a
first lateral position and a first axial position
of the target object relative to the scan de-
vice (102); and
acquiring a second image of the target ob-
ject (104) at a second object pose that de-
fines a second lateral position and a second
axial position of the target object relative to
the scan device (102),
wherein a majority of the target object (104)
fits within the beam (108) in at least one of
the first object pose and the second object
pose, and
wherein the beam (108) has a beam width
that is less than a dimension of the target
object (104) in the first lateral position and
the second lateral position.

2. The inspection system of claim 1, wherein the ma-
jority of the target object (104) fits within the beam
(108) in both the first object pose and the second
object pose.

3. The inspection system of claim 1 or claim 2, wherein
the first object pose and the second object pose com-
prise part of a plurality of object poses that define a
scan trajectory (336), and wherein the scan trajec-
tory describes a path of the source component (106)
from a point-of-view of the target object, wherein,
preferably, the path has an elliptical shape.

4. The inspection system of claim 1, 2 or 3, further com-
prising a manipulator (114) for moving the target ob-
ject (104) relative to the source component (106),
wherein the executable instruction include instruc-
tions for operating the manipulator (114) to position
the target object (104) in the first object pose and
the second object pose.

5. The inspection system of any preceding claim,
wherein the executable instructions comprise in-
structions for reconstructing a volumetric model from
the first image and the second image.

6. The inspection system of claim 5, wherein the exe-
cutable instructions comprise at least one of:

instructions for implementing a Feldkamp recon-

struction algorithm that uses the first image and
the second image for reconstructing the volu-
metric model, and
instructions for generating an output comprising
the volumetric model representing the target ob-
ject (104).

7. The inspection system of any preceding claim,
wherein the first lateral position and the second lat-
eral position define a lateral distance measured from
the source component (106), and wherein the lateral
distance of the first lateral position is different from
the lateral distance of the second lateral position,
wherein, preferably, the lateral distance in the sec-
ond lateral position permits the target object to rotate
in front of the source component (106).

8. A method (200) for generating a volumetric model
of a target object (104) with an imaging system (102)
having a source component (106) that generates a
beam (108) and a detector component (110) that is
spaced apart a distance from the source component
(106), said method comprising steps for:

acquiring (204) a first image of the target object
in a first object pose;
operating (208) a manipulator to change the first
object pose to a second object pose that is dif-
ferent from the first object pose;
acquiring (204) a second image of the target in
the second object pose;
reconstructing (210) the volumetric model from
the first image and the second image; and
generating (212) an output comprising the vol-
umetric model,
wherein a majority of the target object fits within
the beam in at least one of the first object pose
and the second object pose, and
wherein the beam has a beam width that is less
than a dimension of the target object in the first
object pose and the second object pose.

9. The method of claim 8, wherein the first object pose
and the second object pose include a lateral distance
measured from the source component (106) and an
axial position that defines an angle relative to a lon-
gitudinal axis that extends through a source point at
the source component (106), and wherein lateral dis-
tance and the angle in the first object pose is different
from the lateral distance and the angle in the second
object pose.

10. The method of claim 9, further comprising assigning
values for the lateral distance and the angle for the
first object pose and the second object pose to form
a scan trajectory with an elliptical shape.

11. The method of claim 8, 9 or 10, wherein the target
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object (104) is stationary.

12. The method of claim 8, 9, 10 or 11, further comprising
implementing a Feldkamp reconstruction algorithm
that uses the first image and the second image for
reconstructing the volumetric model.

13. A method (400) for scanning a target object (104) on
a scan device (102), the scan device comprising a
source component (106) that generates a beam
(108) and a detector component (110) that is spaced
apart a distance from the source component (106),
said method comprising:

locating (402) a target object according to a first
set of positioning parameters;
capturing (404) a first image at the first set of
positioning parameters;
locating (406) the target object according to a
second set of positioning parameters;
capturing (408) a second image at the first set
of positioning parameters,
wherein a majority of the target object fits within
the beam in at least one of the first set of posi-
tioning parameters and the second set of posi-
tioning parameters, and
wherein the beam has a beam width that is less
than a dimension of the target object in the first
set of positioning parameters and the second
set of positioning parameters.

14. The method of claim 13, further comprising returning
the target object to the first set of positioning param-
eters.

15. The method of claim 13 or claim 14, further compris-
ing:

translating the target object (104) to the second
set of positioning parameters, and/or
rotating the target object (104) to the second set
of positioning parameters,
wherein, preferably, the target object (104)
translates and rotates simultaneously.
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